CRISPR/Cas-mediated genome editing technology has been widely applied to create knockout alleles of genes by generating short insertions or deletions in various plant species. However, targeted insertion (knockin) or replacement of long DNA sequences by CRISPR/Cas remains challenging in plants ([@bib1]). For such edits, donor DNA that acts as the repair template for the endogenous homology-directed repair (HDR) mechanism is often supplied with the CRISPR/Cas machinery that creates double-strand DNA breaks at designated genomic targets. However, precise gene replacement and insertion in plants via HDR with the supplied donor is inefficient, as HDR usually occurs at a much lower frequency compared with non-homologous end joining (NHEJ)-mediated repair in plants.

In mammalian cells, robust targeted insertions have been demonstrated by using 5′-phosphorylated linear donor DNA bearing phosphorothioate linkages at the ends ([Figure 1](#fig1){ref-type="fig"} A) ([@bib3]), as these chemical modifications prevent the degradation of donor DNA and promote its integration through NHEJ. Building upon this knowledge, [@bib2] recently established breakthrough methods for high-efficiency sequence insertion and replacement in rice. They demonstrated in rice calli that chemically modified donor DNA could increase the efficiency of targeted sequence insertion by one order of magnitude ([Figure 1](#fig1){ref-type="fig"}B). Using various chemically modified donors, they inserted regulatory DNA elements of various sizes ranging from 26 bp to 2049 bp at 14 designated genomic sites in rice. The average insertion frequency among the regenerated transgenic plants was 25%, a significant improvement in efficiency compared with previous reports.Figure 1Targeted Insertion and Replacement Using Chemically Modified Donor DNA.**(A)** Depiction of a linear 5′-phosphorylated (red circles) donor DNA carrying phosphorothioate linkages (blue circles) at both ends.**(B)** Targeted insertion of a chemically modified donor through NHEJ.**(C)** Scheme of TR-HDR. Edits, such as a sequence replacement or insertion, are introduced through a two-step process involving NHEJ and HDR.

Furthermore, using chemically modified donor DNA, [@bib2] devised a strategy known as tandem repeat-HDR (TR-HDR) for precise sequence insertion or replacement ([Figure 1](#fig1){ref-type="fig"}C). In TR-HDR, the donor sequence is first inserted at the designated genomic target, creating a tandem repeat. Subsequently, Cas9 generates a break between the two similar sequences, thereby triggering high-efficiency HDR to replace the original sequence with the donor DNA fragment carrying the desired edits. Using TR-HDR, the authors achieved base substitution or protein tag fusion at five loci in the rice genome with an average efficiency of 6.1%.

Although increased off-target insertions and frequent chimerism were observed in primary transformants, these problems in plants can be overcome by screening a large number of transformants and/or by backcrossing and genetic segregation ([@bib2]). In short, the versatile and effective methods reported in this study for targeted sequence insertion and replacement have great potential to transform these once-challenging edits into routine practices in plants in the future.

No conflict of interest declared.
